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CHEMICALIGNITERSFORSTARTINGilRTFUEL- NITRICACIDROCKETS

By GeraldMorrellandDezsoJ.Ladanyi

SWMARY

Startingexperimentswereconductedina 200-pound-thrustjetfuel-
nitricacidrocketwithan axial-flowigniteremplo@ngthehypergo13.c
(self-igniting)allqylthiophosphite- nitricacidsystem.Satisfactory
startswereobtainedwitha ratioof ignitertomati-stagethrustof0.1
at temperaturesas lowas -80°F. A ratioofignitertomain-stage
thrustof0.05wasmarginalat -80°F,butproducedsatisfactorystarts
at -50°F.

No combustioninstabilitywasobservedintheigniter,butmanyof
themain-stagerunsexhibitedlow-frequencyoscillations.Theonsetof
theseoscillationsappearedto coincidewiththeignitershutdown,indi-
catingthatcontinuouspilotingmy be a solutionto someofthe
combustion-instabilityproblemsof thejetfuel- nitricacidsystem.

INTRODUCTION

Sincea numberoffuelsarenowknownthati~ite spontaneouslyand
rapidlywithnitricacidovera tidetemperaturerange(ref.1),chemical
startingofthejetfuel- nitricacidrocket-propellantsystemhasbe-
comeincreasinglyattractive.As comparedwiththeusualelectricigni-
tionsystem,thechemicalsystemeliminatestheneedfora warmupperiod
anda multistageigniter.As toweightthereis Mttle to choosebetween
thetwosystems;theadditionaltankspaceforthechemicalsystemis
offsetby theelectricalgearforthenonchemicalsystem.Someadvantage
accruestothech~cal systembecausetheweightofaddedtankspaceis
partiallycompensatedforby theadditionalhpul.sederivedfromthe
startingfuel.

Weviousresearch(refs.2 and3)hasshownthat satisfactorystarts
canbe obtainedby introducinga self-igniting(hyperbolic)fuelin the
flowlineaheadof thejetfuel. By thesemeanssmoothstartswereob-
tainedat temperaturesnearthespecificationfreezingpointof Jetfuel.

AFMDCAD1’57-72 ~4
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Asidefromitssimplicity,thistechniqueprovidesa safetyfactorwhen
thesystemis designedto shutdownwiththehypergokicfuel,sothat
partiallyreactedfuelcannotaccumulateinthecombustor.

In largerocketengines,however,therecouldbe seriousdisadvantages
inthismethodofstarting.Recauseofthelargedimensionsoftheflow
system,largerquantitiesofigniterfuelwouldbe consumedthanwouldbe
necessaryforignitiog.As showninreferences4 and5,theoptimummix-
tureratioforignitionisnearlyalwaysqtitedifferentfromthatfor
steady-stateoperation.Thus,elaborateflowprogrammingwouldbe re-
quiredtoproducethepropermixtureratiosthroughthestartingtran-
sient.Withsuppressionheadstartsandtheusualfixed-orifice-areain-
jector,poormixingwouldresultduringtheignitionperiodwithpossibly
seriouseffectsonignitionlag(ref.1).

Itappears,then,thatforlargerocketsa separateigniteroperating
independentlyof themain-flowsystemwouldbe desirable,especiallywhere
repeatedstartsarerequired.Thestudydescribedinthisreportevalu-
ateda separate,axial-flow,hyperbolicignitersystemforjetfuel-
nitricacidpropellants.TheexperimentswereconductedIna nominal
200-poumd-thrustrocketwithnmninal10-and20-pound-thrustigniters.
Objectivesofthestudywereto learnwhatproblems,if-any,werehher- *—
entinthismethodofstarting,especial~”atlowtemperatures,andto
determinethestabilizingeffectofthepilotingigniterflamesonthe \*-
transitionandsubsequentsteady-statecombustion.

APPARATUSANDPROCEDURE

Theapparatuswassimilartothatused inthestudyofreference3,
exceptthatnoprovisionsweremadeforaltitudesimulationandsepa-
ratepropellantsystemswereprovidedfortheigniterandmain-stage
rockets.

—

PropellantSystem

TheflowsystemIsshownschematicallyinfigure1,anda photograph
oftheassemblyis showninfigure2. Thetoroidalcrosssectimofthe
mainpropellanttanksreducedcoolingtime.-dminimizedpropellanttem-
peraturevariations.Therefrigerationsystemwasthesameas thatshown.
infigure4 ofreference2,exceptthatalcoholreplacedthemethylene
chloriderefrigerant.Forbothstages,pneumaticallyoperatedLarkmis-
silepropellantvalveswereused. Thevalveopeningratewasvariedby
adjustingthepilotinggaspressureandflowrate.

9

.
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EngineaudInjectors
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A cross-sectionalviewofa rocketengineassemblywiththe20-
pound-thrustigniteris showninfigure3. A 10-pound-thrustigniter
wasalsoused. Thelatterhada lengthof4.5inchesanda throatdiam-
eterofO.1.Sinch.A thirdigniter,designedfor4 poundsthrust,was
alsofabricated,butitsoperationwassounreliable(becauseofthevery
smallinjectionorifices)thatitwasnotincludedinthetestprogram.
TheigniterinjectorswerefabricatedfrcmAISI347stainlesssteeland
theignitersfromcopperbarstock.

Thespun-aluminumor coppermain-stagecylinderswereequippedwith
a coolingshroudat thenozzlethroat.Thispermittedrunsof 3 to4
secondsat steadystatewithoutseriouserosionordimensionalchanges.

Thethreemain-stageinjectors,constructedofAISI347stainless
steelareshowninfigure4. InjectorA, similarto thatusedinrefer-
ence3,producedan in-wardresultantmomentumat designflow. Injector
B producedan axialresultant,andinjectorC wassimilartoB, except
t~t about10percentofthe&in-sta&eacid
igniterjettoincreasetheconcentrationof
ccmbustor.

Instrumentation

flowwasdirected-intothe
o~genandN02in the

Propellantflowsweremeasured.by orificeswithstrain-gagediffer-
entialpressuretraducers,andcombustionpressureswithstrain-gage
pressuretrmsducers.Outputwasdeliveredtoa multichannelrecording
osclllograph. Estimatederrorsofthesemeasurementswere+3 percent
forflowand+?
theerrorswere
potentiometer.

percentforpressure.Undersevereresonanceconditions
muchgreater.Valvepositionwasmeasuredlya linear

Propellants

Mixedalkylthiophosphitesandtrimethyltrithiophosphitewereused
interchangeablyas igniterfuels.No significantdifferencesin igni-
tionorcombustionbehaviorwereobserved.Twobatchesofjetfuel(MIL-
F-5624,gradeJT-4)takenfromlaboratorystockswereused.Again,no
significantdifferencesinbehaviorofthebatcheswereobserved.

Theredfumingnitricacidcontainedabout20percentnitrogen
dioxideandabout4 percentwater.
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OperationProcedure
i:

Thestartingprocedurewasmadefully’automaticbymeansofpressure
switchesandrelays.Whentheignitercombustionpressurereachedthe
desiredsteady-statevalue,a permissivestitchonthemain-stagevalves
wasactuated.Themain-stagevalvesdidnGtopen,however,untila pre-

.

setthe intervalhadelapsed.Priortotherunthisdelaytimeor ._ —

heatingperiodcouldbe setforO to 6 seco-rids,andthisinternlwas
oneoftheexperimentalvariablesin thestudy.Whenthemain-stagecom-
bustionpressurereacheda minimumpresetvalue,a pressureswitchactu-
atedtheclosingoftheignitervalve.-Theseoperationsareindicated {
onfigure5. Theenginewasallowedto operateat steadystateforonly
2 or3 secondsto conservethespunchamber-s.Thisperiod,however,was
sufficientto

Eatafor

establiBhthdta start

RESULTSAND

alltherunsareshown

wasentirelysatisfactory.

D18CU8SION
. .—

intable1,andfigure5 showsa-
—

typicalrunrecordforthe20-pound-thrustigniter.Theimportanttraces
arelabeled. .

No significantdifferencesinperformancewereobservedforthe
—

threeinjectors.Evenwiththeshortestheatingperiodssatisfactory L;
startswereobtainedwitheachat -70°to -80°F. Theminimumigniter
flowrequiredforthesatisfactoryoperationofeachinJectorwasnot
determinedbecauseof operationaldifficultieswiththe4-pound-thrust
igniter.It isexpected,however,thatinjectorA wouldrequirethe
largestigniterflowandinjectorB thesmallest.Thisiebasedonthe
assumptionthatpropellantsinjecteddirectT_yintotheigniterflame‘
tendtoquenchitandreduceitseffectiveness.Ifthisassu@tionis
correct,an igniter-injectordesignwouldbe”mostefficientwhenonlya

.-

smallfractionofthemainchargeisigniteddirectlyfollowedby propa-
gationoftheflamethroughtheremainingcharge.

Resultswiththe20-pound-thrustigniterindicateno unavoidable
difficultieswiththismethodofignitionevenat thelowesttempera-
tures.In everycaseoperationoftheigniterwassatisfactory.Each
oftheexplosionsornonignitionsinthemainstagewastracedto
propellant-valvemalfunctions,toblbckagedfcriticalorificesdueto...
iceformation,or toblockageofinjectionorificesdueto tarformtion

.—

in thepreviousrun. Thelattertwotypesofmalfunctionweretheresult
ofimpropercleaninganddryingoftheengirieandsystembetweenruns.

—

Resultswiththe10-pound-thrustigniterindicatethatitwasmar&Ln––
alat theextremelylowtemperatures,althoughquiteadequateat -50°F b
andabove.Theexplosionsandnonignitionsofthemainstageat -70°to
-80°F couldnotallbe attributedto equipmentmalfunction.Innany

-.
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cases,themalfunctionseemedtobe duetoinstificientigmi.tionenergy.
Of course,it ispossiblethata differentigniterorientationthatmore
effectivelyusedtheavailableigniterenergywouldnothaveexhibited
suchmarginalcharacteristics.

Inno casedidthehyperbolicignitersmalfunction;andtheresults,
ingeneral,illustratetheapplicabilityof separateigpiters.Undoubt-
edly,an increasein igniterflamecrosssectioncouldimprovetheeffi-
ciencyofener~ transferto themain-stagepropellants.

Inagreementwiththedataofreference3,itwasobservedin this
studythatthecombustionwasalwayssmoothintheigniterandthatthe
rein-stagecombustionoftenwasroughorexhibitedlow-frequency
oscillations.

Itwasalsoobservedin thisstudythat
invariablystartedshortlyaftertheigniter
lowvaluesas illustratedinfigure6. This
systemwasonlymarginallyunstableandthat

themain-stageinstability
flowhaddecreasedtovery
behaviorsuggeststhatthe
thepilotingactionofthe

igniterflamewass~ticienttoinsurestablefl~e propagationin the
mainstage.Analogousbehaviorwithhomogeneousfuel-airflamesisre-. portedinreference6. Anotherpossibilityisthatthepropellantflow
transientsat ignitershutdowntriggeredam oscillationthatotherwise

J wouldnothaveoccurred.

Twopossiblecoursesaresuggestedforstabilizingjetfuel- nitric
acidcombustion.Additionofa morereactivefuelto thejetfuelshould
decreasethecombustiontimelagandstabilizeconibustion.Successful
applicationofthistecbdqueis reportedinreference7. Usuallythe
changeinreactivityisproportionaltothesmountofadditive,sothat,
exceptformarginalcases,verysubstantialadditionsarerequiredre-
sultingina newfuelratherthanmodifiedjetfuel.

Perhapsa betterapproachwouldbe to operatethehyperbolicignit-
erasa continuouspilot.Thiswouldnotincreasethecomplexityofthe
systemsndwouldpermittheusein
Thelatterwouldbemostdesirable

SUMMARY

themainstageof unmodifiedjetfuel.
fortacticalapplications.

OFRESULTS

Thefollowingresultswereobtainedfrcxnstartingexperimentswith
a 200-pound-thrustjetfuel- nitricacidrocketengineusingaxial-flow
hypergo13ci@ters:

. 1.Witha 20-pound-thrustigniter(thrustratio,0.1)satisfactory
startswereobtainedattemperaturesas lowas -80°F.

.
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2.Witha 10-pound-thrustigniter(thrustratio,0.05)startingwas

marginalat -80°F;butwassati~facto~at -50°F. -

3.Theonsetofmain-stagecombustioninstability
oftheruns)appearedto coincidewiththeshutdownof

CONCLUDINGREMARKS

+

(observedinmany
igniterflow.

Althoughtheexperimentsindicatedthatnomajorproblemsare con- -.
.-

nectedwithhyperbolicignitionofthejetfuel- nitricacidsystan~the
scaleofequipmentwastoosma~ topermit’determinationoftheratioof
minimumignitertorusdn-stagethrustasa functionof temperature;nor $
wastheeffectofaltitudeevaluated.5ese, undoubtedly,arefunctions PN
of enginegeometry,injectordesign,andi&niterflameareaandlocation.
Therefore,it is doubtfulthat‘generalizedexperimentswouldgivedata
thatcouldbe extrapolatedto specificenginedesigns.

.-

-G
Thecontinuous-pilotingtechniqueshofidbe studiedfurther.It

offersa promiseofeliminatingthetroublesomecombustionins~bilities
ofthejetfuel- nitricacidsystem
advantages.

LewisFlightPropulsionLaboratory
NationalAdvisomCommitteefor

withoutcompromisingtactical
.
-

~
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Figure 4. - Details of main-stage injectors.
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(c) Injector C.

Figure 4. Concluded, Details or resin-stageinjectors.
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